Introduction {#S0001}
============

Breast cancer is the most common form of malignancy among females, worldwide. The high prevalence of disease and its progressive nature puts a great burden on health-care systems.[@CIT0001],[@CIT0002] Early diagnosis of malignant breast masses is essential for the effective management of malignancies. Mammography is the first-line imaging modality for breast cancer screening, which categorizes breast lesions according to standardized Breast Imaging Reporting and Data System (BI-RADS).[@CIT0003] BI-RADS was first developed by American College of Radiology (ACR) in 2003 and is used for grading the breast lesions based on the probability of malignancy.[@CIT0004] Breast ultrasonography (US) is a complementary technique for further evaluation of suspected mammography lesions. It is the method of choice for the assessment of dense breasts in younger females.[@CIT0005] It is relatively inexpensive, safe, and easily applicable without imposing additional radiation or contrast medium. US has shown promising results in differentiation of malignant lesions from benign ones.[@CIT0006] A similar BI-RADS classification is also used for grading of the lesions detected by US imaging.[@CIT0007]

Recent studies have proposed that additional information about the elasticity and vascularity of breast lesions might improve the diagnostic accuracy of conventional B-mode US.[@CIT0008]--[@CIT0010] Sonoelastography (SE) is a diagnostic technique to determine the relative elasticity of suspected masses in comparison to the surrounding tissue. Malignant masses are stiffer than the normal tissues, so measuring the tissue strain by compressing the sonography transducer provides information regarding the strain of breast lesions in relation to the surrounding fatty tissue (strain ratio) and breast lesion elasticity in SE compared to its length in B mode sonography (E/B ratio).[@CIT0011],[@CIT0012] Moreover, color Doppler US helps to explore vascularity within the tumor and provides information regarding the angiogenesis in breast masses.[@CIT0013] The current study is conducted to determine the diagnostic yield of conventional US, SE, and color Doppler US and different features of SE, including strain ratio and E/B ratio in differentiating malignant breast lesions. We hypothesized that SE and color Doppler imaging would increase the diagnostic performance of B-mode US.

Materials and Methods {#S0002}
=====================

Ethical Information {#S0002-S2001}
-------------------

The study was conducted according to the Declaration of Helsinki and the protocol was approved by University/regional research ethics committee of Tabriz University of Medical Sciences (IR.TBZMED.REC.1397.070). A written informed consent was obtained from all the participants.

Patient information Sheet (PIS) was encoded and anonymized. Patients were not charged for extra procedures.

Study Population {#S0002-S2002}
----------------

This prospective study was conducted on women referred to Alzahra university hospital of Tabriz for annual screening of breast cancer between May 2017 and December 2018. Among females who underwent mammography imaging, those with a breast lesion suspected for malignancy with BIRADS\>\>3 were considered and participants with the following criteria were excluded: Age \<18 years, women with a history or current malignancy, a history of breast surgery within the previous 12 months, pregnancy, and lactation. A sample of the eligible participants was randomly selected to be included in the study. The sample size was calculated, using the breast cancer prevalence and the number of patients presenting to the hospital for annual screening of breast cancer with the power of 80%.

US Examinations and Image Evaluation {#S0002-S2003}
------------------------------------

Bilateral whole breast imaging was performed using UGEO WS80A (Samsung Medison, Korea) with a 12-MHz linear transducer by two experienced radiologists (10 years of experience).

First, conventional sonography images were obtained, and target lesions and their echogenicity and size were defined by the first expert radiologist (also 10 years of experience) who was blinded to mammography reports. After the B-mode US was performed, SE and color Doppler images were studied by the second radiologist (blinded to B-mode ultrasonography) using the transducers and were saved as cine clips for further evaluations. In SE and color Doppler assessment, images were displayed on split screens with B-mode findings ([Figure 1A](#F0001){ref-type="fig"}). Five-grade SE scoring (Tsukuba-score) was used based on the comparison of the strain in the lesion with surrounding tissue ([Figure 1B](#F0001){ref-type="fig"}). For this purpose, a region of interest (ROI) including the lesion and surrounding tissue was considered and a slight compression was applied. Strain differences were illustrated by colors according to different amounts of tissue movement within the ROI. In this scoring system, lesions with complete hypo-echoic features were scored 1 (entirely green). Lesions with some no strain regions were scored 2 (green and blue mosaic pattern). Lesions with peripheral strain and without central strain were graded 3 (peripherally green and centrally blue). Lesions mostly without strain while with strain in the surrounding area were graded 4 (entirely blue with green background in the surrounding area) and lesions without strain in the target area and surrounding tissue were graded 5 (entirely blue). Elasticity to B mode ratio (E/B ratio) was also measured by dividing the length of a lesion on elastography to the length of the lesion on B-mode US ([Figure 1C](#F0001){ref-type="fig"}). Strain ratio (SR) was calculated by the ratio of mean lesion strain to surrounding fatty tissue at the same depth ([Figure 1D](#F0001){ref-type="fig"}).Figure 1Sonography images of a 39-year-old woman. (**A**) B-mode US views showing a hypoechoic breast lesion. (**B**) Elastography image with orange to red color regions, suggesting of SE score of 4. (**C**) Elastography image with side by side B-mode view, the B-mode diameter of the lesion is 2.80cm and SE diameter is 3.34 with E/B ratio of 1.19. (**D**) Elastography image with side by side B-mode view with SR of 2.56. (**E**) Color Doppler US image with two intralesional vascularity, suggesting a Doppler score of 2.

Color Doppler lesion images were also performed by the second radiologist. In this regard, an ROI including mostly the lesion and the least possible amount of surrounding tissue was considered and the lowest pressure was used in order not to eliminate thin vessels. The setting used for optimal color was as follows: low wall filter of 50 Hz, pulse repetition frequency of 700 Hz, and intermediate persistence. Color Doppler images were graded from 0 to 2. Lesions with no visible vessel were graded as 0. Lesions with a central vessel or a circumferential vessel were graded as 1 and those with more than two vessels or with at least a penetrating vessel were graded as 2 ([Figure 1E](#F0001){ref-type="fig"}). B-Mode US images were categorized according to BIRADS (American College of Radiology 2013) classification. In this classification, lesions with BIRADS category of 4 and 5 were probable of malignancy.

Biopsy Methods {#S0002-S2004}
--------------

All core biopsies were performed under US guidance for all lesions, and pathology results were available for all the lesions.

Statistical Analysis {#S0002-S2005}
--------------------

The sensitivity, specificity, and accuracy values were analyzed for each conventional US (B-mode US), SE, SR, E/B ratio, and color Doppler imaging. Receiver operating curve (ROC) analysis was used to determine the cutoff values. Diagnostic accuracy was measured by the Youden Index (YI). The ROC curves were delineated using medCalc.ink software. Boxplots were drawn by GraphPad.prism v.6.0.7 Ink software. All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Version 22 for Windows, IBM, Armonk, NY, USA). In normal distribution analysis, the distribution of SR and E/B was normal in benign lesions but not in malignant ones. Then, Mann--Whitney *U*-test was used to compare means.

To determine the efficacy of SE and color Doppler imaging as complementary tools, we accumulated the overall accuracy of B-Mode + color Doppler, B-Mode + SE score, B-Mode + SE score and its two other features (SR+ E/B). The accuracy of the cumulative variables was compared to gain the highest diagnostic accuracy.

Results {#S0003}
=======

During 17 months of study, 110 breast lesions of 104 women aged 42.05 ± 10.33 years (18--73) were included. The primary evaluation by conventional B-mode ultrasound categorized 5 (4.5%) of them in BIRADS 3, 56 (50.9%) in BIRADS 4a, 17 (15.4%) in BIRADS 4b, 23 (20.9%) in BIRADS 4c, and 9 (8.1%) in BIRADS 5.

Based on the data acquired from SE, the lesions were categorized as follows: score 1:6 (5.4%) lesions, score 2:30 (27.2%) lesions, score 3:33 (30%) lesions, score 4:25 (22.7%) lesions, and score 5:16 (14.5%) lesions. According to these results, 41 of the lesions (37.2%) were suspected as malignant lesions.

The quantitative values for E/B ratio were available in 109 lesions. The mean E/B ratio was 1.04± 0.12 ranging 0.85--1.70. The SR value was also accessible in 71 patients, which was 1.92 ± 0.96 (0.50 to 6.0).

The analysis of the Color Doppler results also suggested 53 lesions (48.2%) to be malignant. The Color Doppler images revealed 57 (51.8%) lesions with score 0, 29 (26.4) with score 1 and 24 (21.8) with score 2.

Pathology Results {#S0003-S2001}
-----------------

All the lesions underwent biopsy, and the final diagnosis was made by histopathological evaluation. Of all biopsied lesions, 77 (70%) were benign and 33 (30%) were malignant. The final pathologic diagnosis of the lesions is summarized in [Table 1](#T0001){ref-type="table"}Table 1The Pathological Results of Breast LesionsPathological DiagnosisNBenignPapilloma4 (5.1%)Ductal hyperplasia4 (5.1%)Granulomatosis mastitis8 (10.3%)Abscess3 (3.8%)Fat necrosis2 (2.5%)Fibroadenoma15 (19.4%)Fibrocystic changes41 (53.2%)Total77MalignantDuctal carcinoma25 (75.7%)Mucinous carcinoma1 (3%)Lobular carcinoma6 (18.1%)Papillary carcinoma1 (3%)Total33

Diagnostic Performance {#S0003-S2002}
----------------------

The overall diagnostic performance of each method is shown in [Table 2](#T0002){ref-type="table"}.Table 2The Number of Benign and Malignant Lesions Diagnosed by B-Mode Ultrasound, Sonography Elastography, Color Doppler US, E/B Ratio, and Strain Ratio According to Pathological ResultsPathological ResultBenign (N= 77)Malignant (N= 33)B-mode ultrasound60/77 (77.9%)32/33 (97.0%)Sonography elastography67/77 (87.0%)31/33 (93.9%)Color Doppler US51/77 (66.2%)27/33 (81.8%)E/B ratio59/76 (77.6%)24/33 (72.7%)Strain ratio39/49 (79.6%)17/22 (77.3%)

Using receiver operating characteristic (ROC) analysis, B-mode US revealed a diagnostic accuracy of 74.9%. It had a sensitivity of 97.0% and specificity of 77.9% with AUC of 0.95 for discriminating malignant lesions from benign ones.

The ROC curves for all different tools are shown in [Fig 2](#F0002){ref-type="fig"}. We considered SE score \>3 as optimal cutoff value for malignancy detection, with a sensitivity of 93.9% and specificity of 87.0% with AUC of 0.95. SE scoring had a diagnostic accuracy of 80.9%.Figure 2Receiver operating characteristic (ROC) curves for B-mode ultrasound, sonography elastography (SE) score, E/B ratio, strain ratio (SR), and color Doppler.

Color Doppler imaging with a criterion of score \> 0 for malignant lesions revealed a sensitivity of 81.8% and specificity of 66.2% with AUC of 0.78. Color Doppler scoring detected malignant lesions with a diagnostic accuracy of 48.0%.

The mean E/B ratio for benign lesions was 1.03 ± 0.13 and for malignant lesions was 1.08 ± 0.07 (p \< 0.01) ([Figure 3A](#F0003){ref-type="fig"}). E/B ratio with cutoff value of 1.05 had a sensitivity of 72.7%, a specificity of 77.6%, AUC of 0.77, and diagnostic accuracy of 50.3%. The mean SR values for benign and malignant lesions were 1.52 ± 0.4 and 2.82 ± 1.1, respectively (p \< 0.01) ([Figure 3B](#F0003){ref-type="fig"}). SR with cutoff value 1.90 had a sensitivity of 77.3%, a specificity of 79.6%, and a diagnostic accuracy of 56.9% for detecting malignant lesions (AUC: 0.88).Figure 3(**A**) Boxplot graphs demonstrating a significant difference in elastography E/B ratio for pathology positive and pathology negative breast lesions. Whiskers and Lines delineate 95% Confidence intervals. (**B**) Boxplot graphs demonstrating a significant difference in elastography strain ratio for pathology positive and pathology negative breast lesions. Whiskers and Lines delineate 95% confidence intervals.

ROC curves demonstrated a significant difference between SE score and Color Doppler US (differences between areas 0.21, 95% confidence interval from 0.09 to 0.34, P \< 0.01) for differentiation of malignant breast lesions. There was also a significant difference in ROC curves of SE score and E/B ratio (differences between areas 0.18, 95% confidence interval from 0.07 to 0.29, P \< 0.01) and ROC curves of Color Doppler US and SR (the differences between areas 0.15, 95% confidence interval from 0.03 to 0.026, P \< 0.01). ROC curves also demonstrated a significant difference between SR and E/B (the differences between areas 0.11, 95% confidence interval from 0.007 to 0.22, P =0.03). However, ROC curves did not yield any significant difference between color Doppler scores and E/B ratio (the differences between areas 0.03, 95% confidence interval from -0.13 to 0.20, P = 0.68), and ROC curves of SE score and SR (differences between areas 0.06, 95% confidence interval from 0.00 to 0.14, P = 0.07) were not significantly different as well.

Combination of Different Scores {#S0003-S2003}
-------------------------------

We used a cumulative variable for each SE score and its featured scales (SR and E/B) + B-mode US as well as Color Doppler + B-mode US. We graded the lesions with SE scores higher than its cutoff (\>3) +1 and those with scores lower than cutoff --1. We applied a similar grading approach for SR and E/B scores. The lesions with color Doppler score of 0 were graded --1 and those with Doppler scores of 1 and 2 were graded 0 and +1, respectively. The sensitivity and specificity for B-Mode + SE score were 93.9% and 93.5% ([Figure 4](#F0004){ref-type="fig"}) vs 84.8% and 94.8% for B-Mode + color Doppler, respectively ([Figure 5](#F0005){ref-type="fig"}). The cumulative B-mode+ SE score+ SR+ E/B resulted in a sensitivity of 93.7% and specificity of 86.3% and an accuracy of 80% ([Fig 6](#F0006){ref-type="fig"}). Thus, B-mode + SE score had the highest diagnostic accuracy than other cumulative scores.Figure 4Receiver operating characteristic (ROC) curves for the combination of conventional B-mode ultrasound+ SE score.Figure 5Receiver operating characteristic (ROC) curves for the combination of conventional B-mode ultrasound+ color Doppler.Figure 6Receiver operating characteristic (ROC) curves for the combination of conventional B-mode ultrasound+ SE score + E/B ratio + SR.

Discussion {#S0004}
==========

Principal Findings {#S0004-S2001}
------------------

Breast cancer has a high mortality rate due to the higher stages of malignancy at the time of diagnosis. Hence, more accurate modalities for better diagnosis are required to be used in the primary stages.[@CIT0014] In the present study, we used SE and Color Doppler imaging additionally to conventional B-mode ultrasound imaging in women suspected of breast cancers. Three different features of SE were included in our results: SE score, E/B ratio, and SR. Among 77 benign lesions, SE scoring correctly diagnosed 67 lesions compared to 60 lesions detected by conventional B-mode ultrasound. In terms of malignancy, SE had a similar detection rate to conventional ultrasound. We also found an E/B cutoff value of 1.05 and SR cutoff value of 1.90 for discriminating malignant breast lesions from benign lesions. Among the three different SE features, SE five﻿-point scoring system had a higher diagnostic accuracy than E/B and SR values (80.9% vs 50.3% and 56.9%, respectively). Moreover, cumulative SE score with B-mode results increased the diagnostic accuracy from 74.9% to 87.4%. On the other hand, conventional B-mode ultrasound was superior to Color Doppler imaging either in benign lesions or in malignancies. Color Doppler scoring could distinguish 51 out of 77 benign lesions and 27 out of 33 malignant lesions, which had a lower diagnostic accuracy than B-mode ultrasound (48.0% vs 74.9%). In addition, the combination of Color Doppler imaging with B-mode imaging did not improve the diagnostic performance of B-mode ultrasound.

Findings in Relation to Other Studies and Possible Mechanisms for the Findings {#S0004-S2002}
------------------------------------------------------------------------------

We found that combined use of B-mode ultrasonography with SE score is more effective in differentiating malignant breast lesions than combination of sonography with color Doppler or sonography alone. Similar findings have been reported in previous studies.[@CIT0015]--[@CIT0018] Hao et al found an increased AUC of B-mode US from 0.73 to 0.87 after the addition of SE.[@CIT0018] In the study of Yeo et al, the AUC for combined SE with sonography was 0.86, which was higher than the sonography with color Doppler (0.57) or sonography alone (0.65).[@CIT0017] In our study, the AUC for conventional sonography was higher than the previous studies. The AUC for combined sonography with SE was 0.96, with a slight elevation compared to sonography alone (0.95) and was in a similar range to the cumulative sonography and color Doppler results (0.96). On the other hand, color Doppler imaging had inferior diagnostic results to conventional sonography. Furthermore, the cumulative results of color Doppler with conventional method did not yield a significant improvement in the diagnostic performance of sonography alone. Regardless of the low diagnostic efficacy of color Doppler in our study, there are various reports emphasizing the value of color Doppler imaging in reducing negative biopsies.[@CIT0019]--[@CIT0022] Elkharbotly et al showed that adding color Doppler imaging would enhance the diagnostic performance of sonography by decreasing the number of false-positive results from 5 to 4 and the number of false-negative results from 10 to 9. It improved the AUC of sonography from 0.74 to 0.78.[@CIT0022] Svensson et al also found that application of vascular morphology in color Doppler imaging elevated the sensitivity of sonography from 97% to 99%.[@CIT0020]

In our study, five-point scoring system of SE was superior to SR and E/B ratio. On the contrary, previous studies have represented a similar or higher diagnostic performance of SR compared with SE and conventional sonography.[@CIT0023]--[@CIT0025] In the current study, the sensitivity and specificity of E/B ratio were 72.7%, and 77.6%, respectively, and sensitivity and specificity of the SR ratio were 77.3% and 79.6%, respectively. The diagnostic value of both parameters was in a similar range to other studies. However, both the parameters had inferior diagnostic performance compared to the B-mode US and five-point scoring system of SE. Therefore, the diagnostic performance of SE and B-mode US was higher than the similar studies in this field.

In the present study, the mean SR values for benign and malignant lesions were 1.52 ± 0.4 and 2.82 ± 1.1, respectively, and 1.9 as the cutoff value had the highest sensitivity and specificity for malignancy detection. The mean SR of malignant lesions and cutoff value were lower than the similar studies.[@CIT0012],[@CIT0026],[@CIT0027] The SR values for malignant lesions were 4.9 in the study of Bojanic et al,[@CIT0026] 3.02 ± 1.3 in Lee et al,[@CIT0012] and 7.9 ± 5.8 in Mu et al.[@CIT0027] Different SR values may be due to the use of different ultrasonography instruments. We applied UGEO WS80A (Samsung Medison, Korea) in our study, while other imaging instruments in the literature detected higher SR values, such as Logiq Expert 7 ultrasound scanner (General Electric, Fairfield, CT, USA) in the study of Bojanic et al.[@CIT0026] EUB-8500 (Hitachi Medical, Tokyo, Japan) in the study of Lee et al[@CIT0012] and Mu et al[@CIT0027] and Philips iU22 (Philips Healthcare, Bothell, WA, USA) in the study of Alhabshi et al.[@CIT0028]

Strength and Weakness of the Study {#S0004-S2003}
----------------------------------

In this study, we determined the diagnostic values of three different ultrasound modalities and compared two quantitative and a qualitative elastography tools with qualitative Color Doppler results and conventional B-mode ultrasound imaging. To our knowledge, this study is the first in the literature to compare these five diagnostic tools in breast lesion. Our findings improve our understanding of different non-invasive imaging tools and help to increase the diagnostic value of conventional B-mode ultrasonography. We also found new cutoff values for E/B ratio and SR which could be used in further studies to distinguish malignant breast lesions from benign masses. The study was exploratory in nature with a medium sample size. The results were repeated once by the same radiologist without a second radiologist opinion and the interobserver agreement was not obtained. Hence, further studies with greater sample size and contribution of at least two radiologists are required to make a certain conclusion of our cutoff values and imaging results.

Conclusion {#S0005}
==========

According to the conclusion, differentiation between malignant and benign breast lesions was more precise while using SE than color Doppler US. Also, from a clinical point of view, the combination of SE with B-mode ultrasonography appears to be more useful than using sonography in combination with color Doppler or alone. On the other hand, as concluded, SE five﻿-point scoring system was more accurate in diagnosing malignant lesions.
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